Compliance with the Water Framework Directive (WFD) of the European Union requires water managers to establish environmental flow regimes (EFR) in rivers across the continent. Few water agencies have examined the economic and social welfare impacts of implementing environmental flow requirements. We present the approach used by the Catalan Water Agency to calculate an EFR and estimate the economic implications of its implementation in the Ter River (Catalonia, NE Spain), altered by weirs for hydro-electric production. We analyze various implementation strategies and their associated economic costs and benefits, concluding that the restoration of environmental flows in the Ter River has reasonable costs and is likely to be a socially desirable policy with economic benefits exceeding costs. This paper provides an example of how a water agency can generate policyrelevant information on the social welfare impacts of implementing environmental flow policies as mandated by the WFD.
Introduction
The Water Framework Directive (WFD) (2000/60/CE) inaugurated a new legislative context for European water managers (European Commission, 2000; Hering et al., 2010) . This legal framework explicitly requires European Union (EU) Member States to prioritize the recovery of water bodies, while balancing human needs (Kanakoudis & Tsitsifli, 2010) . To reach these goals, the WFD requires that Member States identify and implement measures that will restore water bodies to a 'good ecological status ' (European Commission, 2000) except in cases where the economic costs are disproportionate (Martin-Ortega et al., 2014) .
In order to improve ecosystem conditions and recover ecosystem functionality, river managers must first restore hydromorphological conditions (Boulton, 1999; Maddock, 1999) . Low flows due to water withdrawals, or degradation in riparian ecosystems will inhibit adequate ecosystem restoration (Poff et al., 1997 . Hydromorphological degradation also reduces the self-purification capacity of river ecosystems (Acuña, 2010; Poff & Zimmerman, 2010) , and may enhance the proliferation of non-native and invasive species (Garcia-Berthou & Moreno-Amich, 2000; Elvira & Almodovar, 2001) . Altering the magnitude, frequency, duration, and timing of flows implies different ecological responses, as well as changes in the abundance and diversity of macroinvertebrates and fish species, affecting the habitat distribution and availability (Poff & Zimmerman, 2010) . Ecological status assessments should account for biological elements together with chemical and hydromorphological parameters. Hence hydrological conditions, river continuity and floodplain quality must be accounted for in the assessment of ecological status. While water quality can be restored by removing chemical contaminants, the restoration of hydrological features has often been overlooked (Maddock, 1999) . This new legislative context in the EU has created opportunities to recover river hydromorphology by restoring river flows, improving river continuity and restoring lost habitat.
The recovery of environmental flows is a key element in restoring river hydromorphology and obtaining a good ecological status (Acreman et al., 2008; Acreman & Ferguson, 2010) . The legislative requirements and management strategies to restore environmental flows have recently prioritized approaches that integrate economic efficiency and environmental sustainability criteria (European Commission, 2000; Honey-Rosés, 2009; Arthington et al., 2010) , although not all water bodies can achieve a good ecological status at an affordable cost. Some water bodies have a long history of severe modification, motivated by the need to provide navigation services, flood protection, drought mitigation, hydropower production, or agricultural irrigation. In cases where it is not possible to restore hydromorphological conditions and flow regime due to high economic costs, the WFD allows Member States to designate such water bodies as a 'heavily modified water body' (HMWB). In these cases, water managers must seek to achieve 'good ecological potential' instead of 'good ecological status ' (European Commission, 2000) . Nevertheless, a comprehensive evaluation that considers all the costs and benefits must be carried out before classifying water bodies as HMWB. Recent water management plans released by European water authorities showed a high percentage of HMWB (Tockner et al., 2011) and most European water management plans categorize between 10 and 30% of water bodies as HMWB, with some showing as much as 60-70% in industrialized areas (European Environment Agency 2012) .
Within the watershed district of Catalonia, 78 water bodies, or 22%, are categorized as a 'HMWB', largely due to morphological and hydrological changes. There are 20 dams and more than 600 weirs along the 3,773 km of rivers and streams in Catalonia. The cumulative impacts of these structures can have a significant impact on the water bodies, especially when they are located at the headwaters and in or near protected areas. To remediate this impact, in 2006 the Government of Catalonia approved a Plan for Environmental Flows in order to restore minimum flows and improve river ecosystems (DOGC, 2006) . However, once environmental flows had been defined, the Plan's implementation was obstructed by significant administrative, economic and social challenges. Historical users had already obtained water rights from the river, making the implementation of environmental flows difficult. Other users, especially environmental organizations, criticized the historical water users for unfairly privatizing the benefits of water use along the river, and there was also tension between consumptive and non-consumptive users ( Jorda-Capdevila & Rodríguez-Labajos, 2015) . Because of these historical water rights, the EFR could not be implemented immediately, but required a review process with a technical assessment, an economic analysis and a public participation process to integrate competing views. In addition, the benefits associated with the restoration of environmental flows were unclear or poorly defined. Therefore it became necessary to compare the costs and benefits of the various policy options for implementing environmental flows.
Excessive water abstraction may diminish human well-being, especially for those that previously enjoyed a river's in-stream flows . While hydropower is often presented as a clean and renewable source of energy (Demirbas, 2007) , dams can generate environmental costs, especially for river ecosystems, which become fragmented and lose valuable water flows (McCully, 2001; McCartney, 2009 ). The environmental impact of the hydroelectric facilities along the upper Ter River is a classic example of an economic externality. The environmental costs associated with water withdrawals are not incurred by the owners of the hydroelectric facilities but rather passed on to third parties. Similarly, the restoration of environmental flows in the river generate benefits that are distributed among the wider public (Lane-Miller et al., 2013) . Environmental externalities are, by definition, inefficient from a societal perspective, since it would be preferable for water users to account for the environmental costs associated with their water use. Furthermore, depending on how much society values river ecosystems, it is possible that the total social costs incurred would be greater than the private gains acquired by the owners of the hydroelectric facilities.
To implement an environmental flow policy, the Catalan Water Agency (ACA) led a process that reached out to stakeholders through a series of workshops, round-table discussions and meetings, in which water users shared their concerns about the plans for meeting the new environmental flow requirements. To facilitate this process, environmental flows were estimated, and several implementation strategies were then proposed in order to reduce the impact on existing uses. The results were analyzed in a participative process with owners, stakeholders, non-governmental organizations, environmentalists and fishermen etc., providing critical information for water managers, and establishing a framework of consensus on environmental flow implementation.
To gather stakeholder input, the Catalan Water Agency began by informing water users about the development of the program of measures in the upper Ter basin. Four meetings were held with municipal governments, county officials and other organizations linked to the river. The water agency then organized workshops by sector, in which participants proposed measures for improving the river management. All of the proposals were compiled in a document that was made available for additional comment and suggestions, after which the water agency organized four thematic workshops in different cities of the basin to discuss the implementation of environmental flows in the upper Ter. In these workshops the environmental entities and hydropower plant owners discussed, first together and then separately, the strategies they would consider acceptable for implementing environmental flows. This paper presents the approach used by the water managers in Catalonia when implementing the EFR in the upper Ter River, which has been continuously affected by small hydropower facilities. We estimate the costs associated with implementing the new flow regime and compare these to the benefits that could reasonably be expected, based on values from the literature.
Study area
The Ter River is located in northeastern Catalonia, with a drainage area of 3,275 km 2 (Figure 1 ). The Ter basin has a Mediterranean climate, consisting of a wet autumn and spring, and a dry summer. Two large dams located in the middle of the basin (Sau and Susqueda reservoirs) divide the Ter watershed into two major sub-basins with different physiographic and hydrological conditions as well as different water management problems. In the upper Ter basin, water is repeatedly removed from the main river bed to produce hydropower. The diverted water is not consumed, but the repeated diversions from the river leave long stretches with scarce flow. In the second half of the basin, below the reservoirs, there are 23 additional hydropower facilities, but river discharge drops considerably, since a large percentage is diverted for irrigation and to supply the Barcelona Metropolitan Region (pop. 3.2 million). Therefore, the implementation strategy for the new EFR focused only on the upper basin, and is the subject of this article. We focus on the upper half of the Ter basin from its headwaters to the Sau reservoir. In this segment, the main stream travels 119 km and the watershed covers an area of 1,522 km². The two comarcas, or counties, of the upper Ter basin are el Ripollès (pop. 26, 203) and Osona (pop. 154, 103) (IDESCAT, 2015) . The chemical water quality has been being steadily improving in Catalan rivers (NE Spain), for the last 30 years (Prat & Rieradevall, 2006) . Over 400 wastewater treatment plants have been built, currently treating 90% of the region's wastewater. However, despite this effort, the ecological status has not improved in all the river ecosystems (Prat & Rieradevall, 2006; Munné et al., 2012) . The altered flow regime caused by water withdrawals, dams and hydropower stations remains a major obstacle to achieving a good ecological status in several rivers of northeastern Spain (ACA, 2005a; Munné & Prat, 2006 There are 85 hydropower facilities in the upper Ter basin (Figure 1) , with a power-generating capacity between 0.5 and 2 MW each and an average annual production of 204 GWh/year. River flow is repeatedly retained and derived from its bed by small weirs between 3 and 10 m high. Only 7% of the upper Ter River has an unchanged flow regime. Moreover 42% of the study area is located within the Natura 2000 network of protected areas and other environmental protection schemes (e.g. trout genetics protection). A significant number of weirs (37 out of 85) are located inside these protected areas. Approximately 180,000 people live in the upper Ter watershed, distributed among 40,000 households (Honey-Rosés, 2008) . In the region of Catalonia, the administrative scope of this study, there are 7.5 million people (IDESCAT, 2015) .
Methodological approach

Environmental flow assessment
The environmental flow determination was carried out at the same time for all the basins of Catalonia. ACA launched a program to restore environmental flows in 2006. Flow regimes were calculated using hydrological methods in 320 river reaches in all Catalan rivers (ACA, 2005b) . The calculation used average daily flows returned to the natural system by using a rainfall-runoff model (National Weather Service, 2002) , for a period of 20 years .
Two hydrological methods were used with Q95 and Q90 (average daily flow was equaled or exceeded for 95 or 90% of the year): Basic Flow Maintenance (Palau, 1994) , and the Range of Variability Approach . The results provided by the Basic Flow Maintenance method were selected to define the base environmental flow, being a better fit for the Mediterranean flow regime.
We determined the monthly variability of environmental flows from the base flow. This base flow was modulated monthly to obtain a flow variation similar to the natural flow regime (NFR). The monthly distribution patterns were defined for different sections of rivers grouped into hydroregions. We characterized the temporal variability of monthly contribution with the natural daily flow . The type of hydrological flow regime was then defined by clustering the nearest or most similar river flow (ACA, 2005b) . Therefore, the base flow incorporated natural monthly variability for each hydroregion. The hydrological regime of the study area is mainly influenced by snow melt, with high flows between April and May and low flows from July to September. The defined environmental flow followed this pattern but was simplified by grouping some months to facilitate the implementation and subsequently monitoring (Table 1) . This work was validated in 25 selected reaches (four in the upper Ter basin) using instream flow incremental methodology (Bovee, 1978) . We were able to quantify the availability of physical habitat for fish species under low flow conditions using two hydraulic simulation software packages: the river hydraulics and habitat simulation ( Jowett, 1997) and RIVER 2D (Steffler & Blackburn, 2002) . Existing data were used for brown trout (Salmo trutta) (Bovee, 1978; Raleigh et al., 1986; Payne, 2000; Martínez-Capel et al., 2006) , and the genus Barbus (Martínez-Capel et al., 2006), Squalius and Chondrostoma (Martínez-Capel, 2001 ) in order to evaluate microhabitat suitability in selected river stretches.
These simulations provided suitable tools for the implementation process (ACA, 2006 (ACA, , 2008 which started in the upper Ter basin. In this process, flows providing between 60 and 80% of the maximum weighted usable area for the most restrictive species and stages in each section were proposed. After discussion with stakeholders, it was concluded that in circumstances in which the recommended EFR could generate significant economic losses due to reduced energy production, the environmental requirements could be reduced as long as they kept at least 60% of acceptable fish habitat. It was also decided that this criteria would not apply in sections of the river with existing protection status or where environmental requirements could not be reduced. However, it was verified that the proposed EFR maintained continuity of flow.
Strategies for harmonizing water uses and environmental flows
The plan for implementing the environmental flow requirements in the upper Ter River was drafted with input to a participatory process that involved water users and multiple public agencies, environmental groups and interested parties. In the public meetings, stakeholders discussed the strategies to harmonize existing water uses with the proposed environmental flows in addition to potential compensation schemes. Public participation processes have been adopted throughout Europe to implement the WFD (Behagel & Turnhout, 2011) .
We evaluated the technical and economic implications of implementing the environmental flow requirements for each hydropower facility. The facilities were categorized according to their legal status and the economic implications of complying with the environmental flow requirements. Below we describe the strategies for harmonizing water uses and environmental flows. The strategy adopted for each facility depends on the degree of compatibility of their exploitation with the EFR and the available flow.
1. Temporary changes in water use. Some facilities can maintain the same annual energy production by simply modifying the timing whereby water is taken from the main channel. Implementing this strategy requires a slight modification of their water rights, and in some cases, structural changes to their installation, such as enlargement of turbine capacity. To minimize the economic impact on the owner, these costs can be partially subsidized. Where possible, this strategy is prioritized. 2. Extension of water rights beyond the expiration date. Water rights for most hydropower facilities in the upper Ter River are valid until 2061. In a few cases, the water rights expire earlier, and in these circumstances the owner may be allowed to renew their rights in exchange for the progressive adoption of the environmental flow requirements. 3. Negotiated agreements with holders of multiple hydro-facilities. With firms that manage both small and large hydroelectric dams, reduced energy production in one facility can be offset by an increase in production in another. The goal is to distribute water use so that environmental flows are respected. 4. Reduction of environmental requirements to minimize the impact on existing licenses where implementation costs are significant. Environmental flows can be adjusted (reduced), but always need to maintain a minimum of 60% of potential useful habitat for fish species identified with models of habitat simulation, except in areas with special protection for aquatic species or habitats.
Compatibility and implementation cost analysis
To analyze the compatibility of each facility with the environmental flow, we first defined the available flow as the difference between the circulating flow and the environmental flow. The circulating flow was defined as the average daily flow of a representative hydrological model based on 10 years of data. Where hydroelectric facilities used less than the available flow, the environmental flows were obviously compatible with existing uses. This analysis allowed us to classify the hydroelectric facilities according to their difficulty in meeting environmental flow requirements without affecting electricity production or the lowest cost. The classification of the facilities according to their current allocation of water rights is as follows:
1. The facility can respect the environmental flow without losing any energy production and without any additional investment. 2. Existing operations of the facility are not compatible with the environmental flow and the operations need to be modified. 3. No investment is needed. It is only necessary to modify the hydroelectric system and flexibilize the water rights characteristics. 4. Investment is necessary to adapt the facilities to a flexible production system. The investment can be recovered within 15 years. 5. A redesign or major works are needed to ensure flexible production. The investment is not recoverable in a return period of less than 15 years. 6. It is impossible to maintain current production and the EFR as currently defined.
To determine the level of investment needed to adapt the facilities, the following options were considered. The values shown here correspond to the average cost by facility, considering the market prices of similar projects.
1. Keeping current flows and power production by repairing the turbine(s), cleaning the drainage channel and changing or replacing reels and gate automation. These measures are estimated to cost no more than €400,000. 2. Hydraulic expansion without major construction. This implies changing a turbine or another major element in addition to those cited above, with an associated cost of approximately €700,000. 3. Hydraulic expansion that includes major construction, at a cost of €1,250,000.
The investment should be amortized over a maximum period of 15 years. For economic viability, the return on investment should translate into increased hydroelectric production, or extend the use period. To assess the value of the hydropower, we used an estimated price of 0.0806 €/KWh.
We classified each facility, and estimated costs in terms of potential production losses, considering in each case whether or not investment would be necessary, and an overall balance was given for the whole study area.
Estimating social benefits
Economists measure the benefits associated with environmental policies by estimating society's willingness to pay (WTP) for environmental goods (Colby, 1993; Brown & Duffield, 1995) . An individual's WTP is defined as the maximum price the person will pay for a certain quantity of a good. The actual price that an individual pays for a good is usually below their WTP, and the difference between the WTP and the price paid is referred to as the consumer surplus. By measuring the WTP and consumer surplus, economists can quantify the benefits associated with environmental policies.
Quantifying benefits is notoriously challenging because of the need to collect original survey data to understand the public's preferences . However this information is essential in order to conduct an accurate cost-benefit analysis (CBA) of environmental policies.
Various forms of CBA have been used to evaluate environmental policies designed to meet the expectations established in the WFD van der Veeren, 2010) . The Netherlands started using CBA to inform water policies related to the WFD in 2005, first by estimating the costs associated with the program of measures and, from 2006, by examining the benefits associated with these policies, mostly related to health benefits and increased recreational use. They concluded that when the large and upfront costs were compared with the future benefits in present value terms, the benefits were significantly less than the expected costs (van der Veeren, 2010). However, they acknowledged that the monetization of the benefits was difficult and somewhat incomplete (van der Veeren, 2010).
In another study, outside the European context, Kotchen et al. (2006) quantified the costs and benefits of a relicensing policy for two hydroelectric dams in Michigan (USA) in which the electricity producers were obliged to adopt run-of-river flows rather than peak-flow operations. They found that the benefits associated with reductions in air pollution and greenhouse gas emissions, as well as improved recreational benefits for fishers, were more than twice the level of costs incurred by the hydroelectric generators (Kotchen et al., 2006) . As the study was conducted after the environmental policy had been implemented, the authors were able to integrate environmental data, such as the recovery of salmon populations, as well as the amount of peak energy production forgone due to the imposed environmental policy.
Comprehensive CBAs are data-intensive and usually require original surveys to generate new WTP values from the affected parities. In addition, costs and benefits must compare current values, often using different discount rates or following a sensitivity analysis (Martínez-Paz et al., 2013) . In many policy circumstances, comprehensive CBAs are not possible, and this was not the objective here. Nor was it our objective to complete a comprehensive benefits transfer study (Moran, 1999; . Rather, this research sought, foremost, to quantify the costs associated with the environmental flow policy, and then orient decision-makers, with the likely benefits that could be expected.
We estimated the range of possible WTP values based on a literature review of studies in regions similar to our study area, reviewing over 30 studies from multiple databases to identify appropriate studies. Our search for studies included general research databases such as EBSCO and ISI Web of Knowledge as well as specialized databases focusing on environmental valuation, such as the Environmental Values Reference Inventory (www.evri.ca) administered by Environment Canada, and a valuation database specifically for water valuation studies (http://buvd.ucdavis.edu/). We sought studies that specifically estimated WTP values for environmental flows. While the Ter River has recreational value for visitors and fishers, fishing is not the primary use of the Ter, nor are there any particular species that the public has mobilized to protect. Therefore we excluded studies that focused on: recreational values (Daubert & Young, 1981; Loomis & Creel, 1992; Loomis, 1998; Loomis & McTernan, 2014) ; dam removal (Loomis, 1996) ; water quality improvements (Mathews et al., 2002; Nallathiga & Paravasthu, 2010; Becker et al., 2014) ; aquatic species (Magat et al., 2000) ; a broader set of ecosystem services (Loomis et al., 2000; Eisen-Hecht & Kramer, 2002) ; or meta-analysis ( Johnston et al., 2005). Our review eventually narrowed in on six studies that explicitly estimated WTP levels for environmental flows (Willis & Garrod, 1995; González-Cabán & Loomis, 1997; Berrens et al., 1998; Ojeda et al., 2008; Perni et al., 2012; Tempesta & Vecchiato, 2013) .
Results
Production loss and the cost of implementation of environmental flows
Environmental flows are between 15 and 30% of the annual average discharge in the upper Ter River (Figure 2) . The operations of a large percentage of the hydroelectric facilities analyzed (57%) were compatible with the implementation of environmental flows with the use of strategies mentioned above (temporary changes in water use, extension of water rights, or negotiated agreements with holders of multiple hydro-facilities) ( Table 2) . In other cases, the environmental flow implementation required minor (3% of cases) or major investment (6% of cases) if the hydroelectric owners wanted to maintain the same production levels. Approximately €8.78M would have been needed to upgrade 10 hydropower facilities. But in some cases the investment cost was greater than the cost of purchasing the water rights. Therefore, we only considered the five cases in which the investment cost was less than the outright purchasing of the water rights (Table 2) , with associated costs of €3.94M. Finally, in 25% of the hydroelectric plants it was not possible to recover any of the production loss resulting from environmental flow implementation (Table 2 ).
In addition, we calculated the replacement cost of the lost electricity production resulting from the implementation of environmental flows. The expected energy loss was 31.1 GWh/year in cases where no adaptation strategy was considered, whereas 13.6 GWh/year would be produced when adaptation strategies were implemented (Table 3 ). The maximum production lost (without any strategy being adopted) was only 15% of the annual energy production in the upper Ter River. This figure could be reduced to just 7% of the annual energy production if adaptation strategies were considered. The cost of producing this energy from alternative sources was estimated at €1.02M/year, and this is considered as an indirect cost (Table 4 ). The direct implementation costs included the investment cost and possible compensation costs for lost earnings. The compensation costs were estimated by calculating the lost profits until the end of the use period (the year 2061 for most). The total compensation cost was approximately €64.67M which, spread over the 52 years, would be €1.24M/year. However, for owners to receive compensation they have to be able to prove damages, and herein lies a legal debate about whether lost water rights are eligible for compensation in the context of environmental flows. 2b Facilities adaptation: a flexible production system is possible to meet environmental flows, but investment is necessary to adapt the facilities.
3 3 2c Facilities redesign: a flexible production system is possible to meet environmental flows but major investment is necessary and the loss of energy production or investment is not recoverable within 15 years.
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2d. Not compatible: it is impossible to maintain both current production and respect environmental flows simultaneously.
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3. Hydropower currently not in use: water is diverted without being used for energy production, or not diverted, therefore environmental flows should be easily implemented.
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Total 85 100
Some authors suggest that water users should be compensated for lost water rights only if these users suffer economic loss (Embid Irujo, 2010) . If a concession agreement is adversely affected as a result of the implementation of a water management plan, there is a presumption by the judiciary in favor of compensation payment. However, it appears that the progress made in recent years to enhance environmental flows has had a low impact on users, or this impact has been within a reasonable range (Hardy & Garrido, 2010) .
Finally, we estimated the costs of implementing an environmental flow policy in the upper Ter River. The indirect costs associated with electricity replacement were estimated to be €1.02M/year, which refers to the general cost to society, rather than an expense directly attributable to the water management authority. If the financial compensation to hydroelectric owners for lost profits (€1.24M/year for 52 years) was included, the total costs could be as much as €2.26M/year. This compensation would be a direct cost attributable to the water administration. However, the costs of electricity replacement would form part of any compensation for loss of earnings of private activities, and therefore including it again would be double counting. Thus, if the hydroelectric owners were to be financially compensated Table 3 . Possible impacts on electricity production resulting from implementing environmental flows in the upper Ter River. A total of 85 hydropower stations were analyzed and current annual production is shown. Energy production loss was calculated with and without adaptation strategies. The symbol þ indicates that it is possible to increase electricity production while increasing the maximum flow withdrawals and respecting the environmental flow regime. for lost water rights, this policy would only cost €1.24M/year. Given that approximately 145,500 adults reside in two municipalities of the upper Ter watershed, this represents a cost of €7.01/person/year. In the worst case scenario, where compensation costs are included, the cost would be €15.55/person/year (Table 4) . At a regional level, for each adult in Catalonia, this would be between €0.17/person/year (without compensation costs) and €0.38/person/year.
Social benefits of environmental flow implementation
Our review of the literature suggests that the WTP for protecting environmental flows would be in the range of €4-€80 (Table 5 ). Since we were not seeking to perform a formal benefits transfer, we did not select a single study upon which to base our conclusions. Rather, we provided a range of studies that placed similar values on environmental flows. Older studies, or studies that elicited WTP values for a broad category of non-market environmental goods, were not included in our six selected studies.
We included one older study Willis & Garrod (1995) and one study that examined river restoration measures more broadly (Perni et al., 2012) , but we chose to highlight the work of Perni et al. (2012) because it was conducted in Spain, and had a similar context. Perni et al. (2012) used choice modeling approaches to elicit 'WTP' values for restored riparian habitats in the Segura River in south-eastern Spain (Murcia). They estimated that residents would be willing to pay €23.08-31.65/person/year for river restoration measures.
When comparing the expected benefits of the environmental flow policy with the costs, we found that the costs were far below the expected benefits (Figure 3) . The costs per person of the policy would be €0.38/person/year, which is 10 times lower than the lowest WTP estimate. Similarly, the costs per household would be only €1.16/person/year which is nearly four times lower than the lowest WTP value found in the literature (€4) according to Willis & Garrod (1995) (Figure 3 ). This result suggests that the restoration of environmental flows would be a socially desirable policy since the expected benefits exceed the expected costs. For this conclusion to hold, we need only to assume that our study area would be likely to have a WTP for environmental flows within the boundaries of the published literature (€4-€80). It is not necessary to specify the exact WTP value for protecting environmental flows in our study area might be. Nor do the conclusions hinge on the realism of a specific benefits transfer. As long as it is reasonable to assume that the WTP values in Catalonia would be similar to other contexts, and not significantly lower than those found elsewhere, then this policy can be considered as socially desirable from a public perspective. Furthermore, considering the additional benefits associated with restoring the Ter River, such as ecosystem services, this would only widen the gap of benefits over costs. One of the main difficulties in CBA is deciding on the benefiting population. There is both theoretical and empirical evidence that use values will decline rapidly as one moves away from the site benefiting from the environmental improvement (Hanley et al., 2003) . It is less clear if this is the case for non-use values, and this decay effect disappears if one considers a general class of environmental goods (Bateman et al., 2006) . Since the results of a CBA can be sensitive to the choice of scale (Martin-Ortega et al., 2014) we present our results on two scales: regional and watershed, and across three populations: adult residents in the upper Ter basin (pop. 145,500); the total adult population of Catalonia (approximately 6 million); and the number of households in Catalonia (around 2 million).
As presented above, we feel that comparing costs and benefits at the regional level makes the most sense because costs are assumed by the regional government, and the decision-making body operates at the regional scale. There is a precedent for using administrative or jurisdictional boundaries as the unit of analysis in CBA of environmental flow policies (Hanley et al., 2003) . However we recognize that political or administrative boundaries are arbitrary. In addition, a scale too small would underestimate benefits, while a scale too large may overestimate and fail to account for diminishing values at greater distances from the study area. A more sophisticated analysis would seek to incorporate distance decay functions to account for changing values across distance (Bateman et al., 2006) . Thus, to ensure that we did not present results that overestimated the likely benefits of the policy, we also examined the expected benefits on the smaller scale of the upper watershed. Here we found that the policy had a cost of €15.55/ person/year. While this value was within the range of one of the studies found, it was still far below most of the studies found (Figure 3) .
Based on the range of WTP values found in the literature, aggregating the benefits over the adult population of the Ter basin would produce social benefits of between €0.58 million and €11.6 million. This would be a lower-bound estimate of the total social benefits created by the policy, since we excluded anyone outside the counties of the upper Ter basin, such as urban residents in Barcelona or Girona who also might hold non-use values or benefit from recreational visits to the Ter River.
For the adult population of Catalonia, the estimated social benefits of the environmental flow policy were estimated to be between €24 million and €472 million. When only considering the households of Catalonia, the expected benefits would be between €7.7 million and €156 million. It is important to underscore that these figures are based on studies that estimate WTP values focusing on environmental flows. Recreational benefits or other non-use values are not included and would be in addition to the estimates above.
Conclusions
As with many environmental resources, the costs associated with river restoration are concentrated, while the benefits are distributed widely across society. In this case, the owners of the hydroelectric facilities would bear the costs of the environmental flow policy. However, for decades, these owners have benefited from the sale of electricity at the expense of a naturally flowing river. We have reviewed the likely benefits associated with restoring environmental flows in similar locations and our findings suggest that Catalonia would make net gains by implementing environmental flows in the Ter River as the likely benefits are higher than the costs.
Water managers have limited guidance and experience in establishing environmental flows, especially with regard to how to negotiate its implementation with water users while at the same time considering both costs and benefits. In many cases, flow regime restoration may be associated with economic costs.
However, society values the restoration of rivers and streams, therefore one should also consider the likely benefits associated with policies that restore environmental flows. Environmental benefits should be accounted for and compared with likely implementation costs. Furthermore, developing these estimates will allow resource managers to engage with water users and environmentalists and in this way gain more insight into conflicting interests. This paper presents an approach for implementing an environmental flow policy in circumstances where there are pre-existing water rights. Our method estimated the associated costs of implementing environmental flows, including the loss of hydropower production. Several implementation strategies were analyzed, and the costs and benefits were compared using WTP values in the published literature.
Our results show that the social benefits of implementing environmental flows, per person, are likely to surpass the costs. In the most conservative scenario, the costs of implementing the environmental flow policy would be up to €15.55/person/year, but even this upper cost estimate was below all the WTP values found in most areas. This suggests that the restoration policy being considered by ACA would likely yield a net positive social benefit for society. It is important to underscore that environmental externalities are an inefficient use of water resources, since there would be a net gain in social welfare if water were distributed differently between productive uses and environmental flows.
The WFD does not specify how to implement legislation on environmental flows. Nevertheless, ensuring environmental flows is essential for achieving basic environmental targets in freshwater ecosystems. European and Spanish legislation is vague about issues of compensation or payment for production loss when restoring environmental flows. The rational use of natural resources and the need to reconcile public and private interests must be balanced during the implementation process and in policy decisions. Environmental flows may be established without compensation if these do not affect the final economic balance concerning production.
The conclusions of this analysis were discussed with the heads of the government's energy policy in Catalonia, and with users and stakeholders. A policy document for the implementation of environmental flows was drafted and opened up for public comment, and the comments received were responded to. The environmental flow policy currently awaits full implementation.
This study establishes an important precedent for the incorporation of economic values in the decision-making process of environmental flows. We have shown that economic analysis may in the future conclude that the restoration of minimum environmental flows could create a net social benefit for society. In future, original studies of WTP values might provide additional evidence in favor of minimum instream flow policies.
Our experience suggests that public consultation with stakeholders, the design of adaptation strategies, and the identification of likely costs and benefits, are useful steps for implementing environmental flow policies. This same approach could be adapted in other basins with different water uses. Before European water managers proceed to categorize a water body with HMWB status, they should carefully analyze the associated costs and social benefits associated with this decision.
